The aim of this study is to determine the yield and composition of the essential oil of cornmint (Mentha arvensis L.) grown in the irrigation area of Santiago del Estero, Argentina. Field tests were carried out under irrigation conditions, harvesting when 70% flowering was reached (in the summer and at the end of the winter seasons). Essential oil yields were 2% in the first cut and 1.6% in the second cut, respectively, the major constituents of the essential oil being menthol, menthone, isomenthone and menthofuran. In both cases, a high concentration of menthol was obtained, although during the winter the content decreased, increasing the concentration of menthofuran. It is concluded that during the summer a higher yield and better quality of essential oil are produced.
Introduction
The world market for spices is booming, with the USA, Germany and Japan the largest importers (1) . Among spices, mint stands out, from which leaves and essential oils are commercialized. It is expected to expand its cultivation in a wide geographic region in Argentina, since the demand for fresh product, as well as its essential oil, is increasing (2) .
The generic name of Mentha is used for several species of the family Lamiaceae. Among the naturalized mint in America is Mentha arvensis L. (cornmint), a perennial herbaceous plant vegetatively propagated by stolons (3) . It can reach a height of about 40 cm and it is mainly used for the production of essential oil, from which menthol is extracted. Menthol has multiple applications: in liquors, toothpaste, nasal drops, perfume and cosmetics, among others (4) . It is one of the favorite flavors in the world market, along with vanilla, citrus and chocolate. India and China are the main producers of essential oils of peppermint, menthol, mint terpenes and dementholized oil (5) .
The cultivation of cornmint has significant potential in the Rio Dulce irrigation area, in the province of Santiago del Estero, Argentina, where the environmental conditions are optimal for its development (6). These conditions not only promote growth, but would be optimal for the production of an essential oil of excellent quality. In this sense, several studies show that high temperatures and long photoperiods, such as those that characterize the province of Santiago del Estero, increase the production of essential oil and the percentage of menthol (7, 8) . Although exploratory tests were previously conducted, there are no reports on the performance of the species in the region or the composition of its essential oil. The aim of this study is to determine the yield and composition of the essential oil of cornmint grown in the irrigation area of Santiago del Estero, Argentina.
Materials and methods
The climate of the region is characterized as subtropical with a dry season, featuring in the late winter and early part of spring. During this season, there are dominant hot dry winds from the north sector, producing a great effect of evaporation, which increases the dryness of the air (9) . The average rainfall is 550 mm per year, and the average maximum temperature 45°C; the rapid rise in temperature in the spring, combined with the limited availability of soil water and the wind, result in an increased air saturation deficit (9) . Table 1 shows the agro-metheorological variables during the period when the test was conducted. 
Plant material

Distillation
Samples were weighed and then dried in an oven with forced ventilation at 35°C to a constant weight, to determine the biomass production and partition (10) . Other samples were dried at room temperature (30-35°C) to a constant weight, following the practice of local producers, and the total aerial part was ground for the extraction of essential oils. Essential oils were extracted by steam distillation using a 2-L Clevengertype apparatus at 60°C, for 2.5 hours (11), and subsequent chemical analysis were made by gas chromatography (GC) and mass spectrometry (MS). The oils were recovered directly and were stored with anhydrous Na 2 S0 4 in dark vials at 4°C.
GC/MS
GC/flame ionization detection (GC/FID) analysis was carried out using a PerkinElmer Claus 500 GC equipped with 30 m x 0.32 mm Elite-5MS capillary columns (0.32 (im film thickness); 1 uL of each sample was diluted with 300 uL of Et 2 0 and injected (0.5 \i\) with a column temperature program of 40°C for 5 minutes, increased to 280°C at 4°C/minute and finally held at this last temperature for 10 minutes. Injector and detector were set at 250° and 300°C, respectively, and the carrier gas was He with a head pressure of 12.0 psi. GC-MS analyses were carried out using a PerkinElmer Claras 500 GC equipped with a Claras 500 MS using the same capillary column and chromatographic conditions as for the GC/FID analysis. Mass spectra were acquired over the 40-500 amu range at 1 scan/ second with an ionizing electron energy of 70 eV, ion source 200°C. The transfer line was set at 300°C, carrier gas has He at 1.0 mL/minute. The identification of the oil components was performed by their linear retention indices (LRI), authentic reference compounds, peak matching library search and published mass spectra (12, 13) . LRIs were calculated using an «-alkane series (C 6 -C 32 ) under the same GC conditions as for the samples.
Chemicals
All compounds were analytical standard grade. Anhydrous Na 2 S04 was analytical reagent grade.
Results and discussion
There were two flowerings during the growing season, cuts were performed on January 4 (summer) and September 4, 2010 (winter) (275 and 360 days after crop establishment), with a fresh biomass production of 15.41 and 15.66 t/ha, respectively (5.9 and 5.5 t/ha dry biomass). The total yield of 31.07 t/ha coincides with that mentioned by other authors, which is in the range 20-30 t/ha (14) . Although there were no significant lat.) and 48-58% in 1972 in Michigan (42°36'N lat). Zheljazkov The isoprenoid biosynthetic pathway leads to the formation of geranyl pyrophosphate, from which limonene is originated, and then piperitone and pulegone; pulegone is an immediate precursor of the menthone and menthofuran. From menthone, neomenthol and menthol are synthesized, and menthol becomes menthyl acetate by esterification (20) .
Agronomic and environmental factors that lead to the conversion of menthone to menthol are desirable, opposite to those promoting the synthesis of menthofuran. In this study we found a significant decrease in the percentage of menthol and menthyl acetate in the second harvest, coinciding with the presence of 6.3% of menthofuran, which was absent in the essential oil from the first cut. This response may be due to two factors.
According to Piccaglia et al. (21), as species of the genus Mentha require long photoperiods, the decline in the number of hours of light induces the formation of 932  939  950  979  990  1029  1053  1082  1096  1136  1146  1150  1156  1172  1215  1226  1235  1280  1389  1419  1430  1479  1520  1553   LRI exp.   2   928  933  946  973  984  1024  1055  1087  1100  1141  1149  1154  1156  1171  1215  1228  1234  1285  1386  1424  1433  1486  1520 differences in the performance of both crops, they differed in their dry matter partition; in the second cutm a decrease in the dry matter percentage of flowers appeared, along with an increase in the dry matter percentage of leaves relative to the first cut ( Figure 1 ). The essential oil yield was 2.0% in the first cut and 1.6% in the second.
The chemical composition of essential oils was within the standards required by the Pharmacopoeia (Table 2) , which sets a content of menthol greater than 50%, and that of menthyl acetate between 5% and 20% (15) .
The menthol content in both cuts was similar to that given in other references. menthofuran, which justifies the decrease in the synthesis of menthol, as both compounds possess the same precursor (20) . Thus, the environmental conditions in the second cut, with a photoperiod of 2.5 hours less than in the first cut, are best suited for the synthesis of menthofuran than of menthol.
Further research is needed to identify suitable agronomic factors that might reduce the concentration of menthofuran and increase the concentration of menthol. Nitrogen is one of the most important modifiers of Mentha productivity and oil composition (22) . Thus, in future trials, the effect of nitrogen fertilization on yield and quality of essential oils during the winter season should be studied. Menthyl acetate levels ranged between 5.9% and 5.0% in the first and second cuts, respectively. These values are higher than the 4% obtained by Rao (5) in Southern India. Although menthyl acetate has little economic importance, compared with menthol, it is used in perfumery, as it has floral notes, especially rose, and is used for the development of perfumes (7).
Conclusions
The high quality of essential oils obtained is given by the high percentage of menthol, menthone, isomenthone and menthyl acetate, showing the features demanded by the market, according to the references, with a menthol content higher than 50% in both harvests and menthyl acetate between 5% and 20%. In the second cut, made at the end of the winter season, there was an increase in the concentration of menthofuran, and therefore, a lower quality of essential oils.
Two full cuts could be obtained from cornmint grown in the irrigation area of Santiago del Estero, Argentina, with the menthol content in both of them similar to that reported by other authors.
However, the introduction of cornmint into Argentina could provide another cash crop for northwest growers. In addition, the local production of cornmint oil could promote local value-added processing and overall improvement to the sustainability and profitability of cropping systems in northwest Argentina.
